Interactions of mouse Paneth cell alpha-defensins and alpha-defensin precursors with membranes. Prosegment inhibition of peptide association with biomimetic membranes.
The bactericidal activity of mouse alpha-defensins (cryptdins) requires proteolytic activation of inactive precursors by matrix metalloproteinase-7 (matrilysin, EC, MMP-7(a)). To investigate mechanisms of cryptdin-4 (Crp4) peptide interactions with membrane bilayers and to determine whether MMP-7-mediated proteolysis activates the membrane disruptive activity of Crp4, associations of Crp4 and melittin with biomimetic lipid/polydiacetylene chromatic vesicles were characterized. The peptides differ in their sensitivity to vesicle lipid composition and their depth of bilayer penetration. Crp4 undergoes strong interfacial binding onto lipid bilayers with disruption of the bilayer head group region, unlike melittin, which inserts more deeply into the hydrophobic core of the bilayer. Colorimetric and tryptophan fluorescence studies showed that Crp4 insertion is favored by negatively charged phospholipids and that zwitterionic and Escherichia coli phospholipids promote stronger interfacial binding; melittin-membrane interactions were independent of either variable. In contrast to the membrane disruptive activity of Crp4, pro-Crp4 did not perturb vesicular membranes, consistent with the lack of bactericidal activity of the precursor, and incubation of Crp4 with prosegment in trans blocked Crp4 and G1W-Crp4 membrane interactions at concentrations that inhibit Crp4 bactericidal activity. CD measurements showed that Crp4 has an expected beta-sheet structure that is not evident in the pro-Crp4 CD trace or when Crp4 is incubated with prosegment, indicating that the beta-sheet signal is attenuated by proregion interactions or possibly disrupted by the prosegment. Collectively, the results suggest that the prosegment inhibits Crp4 bactericidal activity by blocking peptide-mediated perturbation of target cell membranes, a constraint that is relieved when MMP-7 cleaves the prosegment.